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SEMCONDUCTOR STORAGE DEVICE 
WITH AUTOMATIC WRITE/ERASE 

FUNCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application of 
U.S. Ser. No. 09/298,403, filed Apr. 23, 1999, NOW ABN. 
which application is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a Semiconductor Storage 
device which has an automatic write/erase function, and uses 
an external high Voltage or a Voltage obtained by boosting a 
power Supply Voltage upon write and erase. 
A Semiconductor Storage device with an automatic write/ 

erase function, e.g., a flash EEPROM, can write input data 
up to its internal predetermined threshold Voltage in a 
memory cell designated by an input address by automati 
cally discriminating the input data, upon reception of a 
command indicative of, e.g., a write mode. A memory cell 
which is written with data and has a high threshold Voltage 
is defined by “0”, and a memory cell with a low threshold 
voltage is defined by “1”. This write function is similarly 
used in a pre-programming operation being performed dur 
ing the erase mode. 

FIG. 36 is a schematic block diagram showing the circuit 
arrangement of a conventional flash EEPROM with the 
automatic write function. Referring to FIG. 36, reference 
numeral 11 denotes a memory cell array. In this memory cell 
array 11, each row of memory cells is selected by a row 
decoder 12, and each column of memory cells is designated 
by a column decoder 13D via a Y selector 13S. An address 
Signal is Supplied to an address register 14, multiplexer 15, 
and command register 16. The output signal from the 
address register 14 is Supplied to the multiplexer 15, and 
Selection Signals from the multiplexer 15 are Supplied to the 
row and column decoders 12 and 13. Data in a memory cell 
selected by the row and column decoders 12 and 13 is 
Supplied to, and Sensed and amplified by a Sense amplifier 17 
via the Y selector 13S, and the amplified data is read out via 
an I/O buffer 18. On the other hand, write data input to the 
I/O buffer 18 is latched by a data register 19, and the data 
latched by the data register 19 is written in a memory cell 
selected by the row and column decoders 12 and 13 via a 
write data generation circuit 20 and write switch 21. The 
write data generation circuit 20 receives the output signal 
from the Sense amplifier 17 and is controlled to generate 
write data. 

The command register 16 receives a control signal and 
command, and its output signal is Supplied to the data 
register 19 and a control circuit 22. The control circuit 22 
controls the operation mode of the flash EEPROM and the 
like in accordance with the control Signal and command 
Supplied to the command register 16, and a timer 23, power 
supply circuit (booster circuit) 24, verify circuit 25, and the 
like are controlled by the output Signal from the control 
circuit 22. The time measurement output of the timer 23 is 
Supplied to the control circuit 22. The power Supply circuit 
24 shifts the level of a power Supply voltage (i.e., boosts it), 
and Supplies high Voltages for write to the row and column 
decoders 12 and 13, write data generation circuit 20, write 
Switch 21, and the like. The verify circuit 25 receives the 
output signal from the write data generation circuit 20, and 
Supplies a verify result to the control circuit 22. 
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2 
In the above arrangement, upon reception of a write 

command, the command register 16 recognizes a write 
mode, and data input to the I/O buffer 18 and an address 
Signal are respectively held by the data register 19 and 
address register 14. The multiplexer 15 selects the address 
Signal held by the address register 14, and Supplies it to the 
row and column decoders 12 and 13. By respectively 
decoding row and column addresses by the row and column 
decoderS 12 and 13, a memory cell corresponding to the 
input address is Selected. 
Upon reception of an establishment Signal from the com 

mand register 16, the control circuit 22 begins to operate, 
and its internal control enters a write verify State. After an 
elapse of a Setup time Set in the timer 23, the control circuit 
22 reads out data from the written memory cell and com 
pares the readout data with input data. As a result of 
comparison, if the written data matches the readout data, it 
is determined that write is Satisfactorily done, and write 
operation ends; otherwise, if the two data do not match, 
rewrite is started based on the written data (only bits that are 
“0” in the input data but “1” in the readout data are 
rewritten). 
More specifically, as shown in the flow chart in FIG.37A, 

when write Verify is Started, a write verify Setup is made 
(step S1), and a write verify read is done (step S2) after an 
elapse of a power Supply Setup period around 1 uS. It is 
checked by comparison if the input data matches the readout 
data (Step S3). If the two data match each other, a read setup 
is done (step S4), thus ending the process. On the other hand, 
if the two data do not match, it is checked if the number of 
rewrite cycles has reached a limit (step S5). If NO in step S5, 
the input data and inverted data of the readout data are 
ANDed to obtain write data (step S6). The input data, 
readout data, and write data in Step S6 have a logic rela 
tionship shown in FIG. 37B. Subsequently, write is done 
(step S7). In this write operation, the Voltage Supplied to the 
memory cell is a high Voltage obtained by boosting a power 
Supply Voltage V (e.g., 3V) by the power Supply circuit 
24. As shown in the timing chart in FIG. 38, for example, a 
voltage of 10V is applied to the control gate (word line) of 
a selected cell transistor, and a voltage around 5V to 6V is 
applied to its drain (bit line). The write method to this cell 
transistor is hot electron injection, and a drain current around 
500 uA/bit is required. A write continues for a write time, 
e.g., about 5 us, Set in the timer 23. After that, the number 
of cycles is incremented by 1 (step S8), and the flow returns 
to Step S1 to repeat the aforementioned write Verify process 
until the input data matches the readout data. If the two data 
do not match even after the number of cycles has reached a 
predetermined limit, a defect is determined (Step S9), and a 
read Setup is done (step S4), thus ending the process. 

Since all currents required in the above-mentioned write 
Verify process are Supplied from the power Supply circuit 
(booster circuit) 24, currents obtained by multiplying cur 
rents consumed by memory cells by efficiency are required. 
ASSuming that the output Voltage of the power Supply circuit 
24 is constant, the booster efficiency lowers as the power 
Supply Voltage V, boosted by the power Supply circuit 24 
is lower. Normally, the current Supply performance of the 
power Supply circuit 24 is nearly proportional to the area of 
the capacitor in the charge pump circuit in this circuit 24. 
Hence, when the power Supply Voltage V, is lowered 
while the output voltage (boosted voltage) upon writing data 
in a memory cell remains the Same, the area of the capacitor 
must be increased in correspondence with the current Supply 
performance drop of the power Supply circuit 24, resulting 
in an increase in chip area. 
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AS described above, in the conventional Semiconductor 
Storage device which has the automatic write function and 
uses a high Voltage obtained by boosting a power Supply 
Voltage upon write, if the power Supply Voltage drops, the 
current Supply performance of the booster circuit that gen 
erates a high Voltage for write lowers, resulting in a long 
write time. 

When the lowered power Supply Voltage is designed to 
use, the area of the capacitor must be increased in corre 
spondence with the current Supply performance drop of the 
booster circuit, resulting in a large chip area. 
On the other hand, in an electrically data rewritable flash 

EEPROM, data is erased in units of erase blocks. This 
proceSS includes a Series of operations Such as pre-erase 
write (pre-programming) for setting all cells in a given block 
in a write State, batch-erase/over-erase verify processes of a 
block, and the like. 

However, when automatic erase is done for a block which 
had been erased previously and has not undergone any write, 
i.e., a block which does not require any erase, a Series of 
erase operations are Similarly done for that block. That is, 
the same erase time as that for a block that actually requires 
erase is required. For this reason, when many blocks, i.e., all 
blocks in a chip, are to be erased, a maximum erase time is 
always required irrespective of the size of written data. 
The pre-program time accounts for a large percentage of 

the actual erase time. Hence, in order to shorten the erase 
time as a whole, the pre-program time must be shortened. 
The reason why a long pre-program time is required is that 
a verify process is done for all cells before and after 
pre-programming. 

Furthermore, when the power Supply voltage is low (e.g., 
1.8V), the number of bits to be written simultaneously may 
be reduced to prevent insufficient current Supply perfor 
mance of an internal booster circuit upon write, and one I/O 
may be divisionally written. In Such case, a long pre 
program time is also required. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide a 
Semiconductor Storage device which can shorten write and 
erase times. 

It is another object of the present invention to provide a 
Semiconductor Storage device which can lower the power 
Supply Voltage without increasing the chip area. 

According to the present invention, a Semiconductor 
Storage device which has an automatic write function, and 
uses a potential obtained by boosting a power Supply Voltage 
upon write, comprises booster means for generating a high 
Voltage for write by boosting the power Supply Voltage, 
write division control means for, upon writing data, divi 
Sionally making a write in a plurality of number of times by 
shifting Selection timings of bit lines by Selectively 
ON/OFF-controlling a bit line write switch that controls 
whether or not input data is Supplied to a bit line, and write 
means for writing data by Supplying the high Voltage output 
from the booster means to a memory cell connected to the 
bit line selected by the write division control means. 

With this arrangement, when the power Supply Voltage 
drops, the bit line selection timing is shifted by the write 
division control means to decrease the number of bits to be 
written simultaneously and to reduce the consumption 
current, thereby compensating for a current Supply perfor 
mance drop of the booster means and Suppressing an 
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4 
increase in write time. Also, the power Supply Voltage can be 
lowered without increasing the chip area. Furthermore, Since 
the number of bits to be written simultaneously can be 
increased to attain a wide range of power Supply Voltage and 
to shorten the write time in acceleration tests, an increase in 
write time can be prevented. Moreover, Since a bit line is 
Selected upon completion of boosting of a word line, varia 
tions of write characteristics can be reduced. 

In one aspect of the present invention, Selection times of 
bit lines divisionally selected in the plurality of number of 
times by the write division control means are Substantially 
equal to each other. In this way, when the Selection times of 
the bit lines are Set to be equal to each other, variations of 
write characteristics can be reduced. 

In another aspect of the present invention, the device 
further comprises power Supply Voltage detection means for 
detecting the power Supply Voltage of the booster means, 
and a control method is changed on the basis of a level of the 
power Supply Voltage detected by the power Supply Voltage 
detection means. In this way, when the control method is 
changed by detecting the power Supply Voltage, an optimal 
control method can be used in correspondence with the 
power Supply Voltage, thus shortening the write time and 
reducing the test cost. 

In Still another aspect of the present invention, the device 
further comprises power Supply Voltage detection means for 
detecting the power Supply Voltage of the booster means 
before data is written, and when the power Supply Voltage 
detected by the power Supply Voltage detection means has a 
low level, the number of divisions by the write division 
control means is increased, and when the detected power 
Supply Voltage has a high level, the number of divisions is 
decreased. In this way, when the number of divisions is 
changed by detecting the power Supply Voltage, an optimal 
control method can be used in correspondence with the 
power Supply Voltage, thus shortening the write time and 
reducing the test cost. 

In Still another aspect of the present invention, the device 
further comprises power Supply Voltage detection means for 
detecting the power Supply Voltage of the booster means, 
and the power Supply Voltage detection means detects a 
power Supply Voltage immediately after the beginning of an 
automatic write process, and when the detected power 
Supply Voltage has a low level, the number of divisions by 
the write division control means is increased, and when the 
detected power Supply Voltage has a high level, the number 
of divisions is decreased. In this manner, when the power 
Supply Voltage is detected immediately after automatic 
write, even when the power Supply Voltage has changed 
during write operation, an optimal control method can be 
used in correspondence with the power Supply Voltage, thus 
Shortening the write time and reducing the test cost. 

In Still another aspect of the present invention, the device 
further comprises control data Storage means for Storing a 
control method data, and a control method is changed on the 
basis of the control method data stored in the control data 
Storage means. In this fashion, when the control method is 
changed on the basis of the control method data Stored in 
control data Storage means, the write time can be shortened 
and the test cost can be reduced by an optimal write time, 
and the yield can be improved by trimming the write 
characteristics. 

In Still another aspect of the present invention, the control 
data storage means may comprise an EEPROM cell, which 
Stores control data. 

In Still another aspect of the present invention, the device 
further comprises division number Storage means for Storing 
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the number of divisions of the write division control means, 
and the number of divisions by the write division control 
means is changed on the basis of the number of divisions 
Stored in the division number Storage means. In this way, 
when the division method is changed on the basis of the 
number of divisions Stored in the division number Storage 
means, the write time can be shortened and the test cost can 
be reduced since the write time is optimized. 

In Still another aspect of the present invention, the divi 
sion number storage means may comprise an EEPROM cell, 
which stores the number of divisions. 

In Still another aspect of the present invention, the write 
division control means controls the number of divisions on 
the basis of a test signal. When the number of divisions is 
controlled on the basis of a test Signal, the write time can be 
Shortened and the test cost can be reduced since the write 
time is optimized. 

In Still another aspect of the present invention, one or 
more bits of electrically rewritable memory cells (erase 
flags) for storing history information indicating if write has 
been made are assured in units of erase blocks of the flash 
memory. 

Each erase flag is erased simultaneously when a block to 
which that flag belongs is erased, and is written Simulta 
neously when write is made in the block to which that flag 
belongs. Hence, once write has been made in a block after 
erase, the erase flag is Set in a write State until the block to 
which that flag belongs is erased. On the other hand, if no 
write is made, the erase flag remains in an erase State. 
Upon erasing a block, the erase flag that belongs to the 

block is verified, and if that flag indicates a write history, a 
Series of block erase operations are done; if the flag indicates 
an erase State, that block need not be erased, and block erase 
immediately comes to an end without any erase operations. 
When a plurality of blocks are to be batch-erased, a block 

that does not require erase is excluded by Verifying the erase 
flag, and only block that require erase are combined, thus 
erasing those blocks at the same time. In this manner, the 
number of times of actual erase operations can often be 
reduced. 

The total erase time is shortened by shortening the verify 
time for pre-programming. 

The erase time can be shortened by Setting a cell gate 
Voltage upon verify for pre-programming to be lower than a 
cell gate Voltage upon verify for normal automatic program 
or write operation. This is because the pre-programming 
aims at preventing an unwritten cell from being over-erased 
by unwanted erase operation, and it does not write up to a 
threshold Voltage that can be reliably read out in case of an 
already written cell. In this manner, even when a cell has a 
Slightly low threshold Voltage after pre-programming, the 
verify result is determined to be OK to avoid an identical cell 
from being verified and re-programmed more than once, 
thereby shortening the erase operation time. For the same 
reason as above, if a Sequence which obviates the need for 
pre-programming of a cell that has undergone write, and 
omits verify operation itself after programming in pre 
programming is used, the erase operation time can be further 
Shortened. 

Furthermore, if a Sequence which also omits a verify 
proceSS before pre-programming that checks if write is to be 
made, and unconditionally pre-programs an already written 
cell is Set based on cell write characteristics in which the 
increase in threshold Voltage is Small in an already written 
cell, the erase operation time can also be shortened. 
When an external high Voltage input function is provided, 

the number of bits to be written simultaneously in pre 
programming is changed to increase, thus shortening the 
erase time. 
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A high-voltage input terminal and power Supply Voltage 

terminal are independently provided to change the Sequence 
So that when no high Voltage is input to the high-voltage 
input terminal, a power Supply Voltage is boosted to generate 
a high Voltage for write; when the high Voltage is input, the 
Voltage at the high-voltage input terminal is detected and 
directly used as a high Voltage for write. 

For example, when the power Supply Voltage is low (e.g., 
1.8V) and is boosted to be used as a high voltage for write, 
Since that booster device has insufficient current Supply 
performance, a method of controlling the number of bits to 
be written simultaneously in a cell and dividing one I/O into 
a plurality of I/OS is used. However, when the high-voltage 
input terminal directly Supplies a high Voltage for write, the 
I/O need not be divided. Upon detecting the input high 
Voltage, a Supply Source of the high Voltage for write is 
Switched from the internal booster device to the high-voltage 
input terminal, and the number of divisions in pre 
programming upon automatic erase is changed to 1. In this 
manner, the erase time can be shortened. 

This Scheme can also be applied to an automatic write 
function. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out hereinaf 
ter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with 
the general description given above and the detailed descrip 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function, as a Semiconductor Storage device according to the 
first embodiment of the present invention; 

FIG. 2 is a circuit diagram showing principal part directly 
related to the present invention in the flash EEPROM shown 
in FIG. 1, i.e., showing the detailed circuit arrangement of 
Some circuits Such as a memory cell array, row decoder, 
column decoder, Sense amplifier, write data generation 
circuit, write Switch, and power Supply circuit in the circuit 
shown in FIG. 1; 

FIG. 3A is a circuit diagram showing the detailed arrange 
ment of a data register, the write data generation circuit, and 
the write Switch in the circuit shown in FIGS. 1 and 2, 
paying attention to the i-th bit; 

FIG. 3B is a table showing the logic levels of signals in 
the circuit shown in FIG. 3A, 

FIG. 4 is a circuit diagram showing the overall arrange 
ment of a verify circuit shown in FIG. 3A; 

FIG. 5A is a circuit diagram showing the detailed arrange 
ment of a write division control circuit in the circuit shown 
in FIG. 1; 

FIG. 5B is a table for explaining the operation of the 
circuit shown in FIG. 5A; 

FIG. 6 is a circuit diagram showing the detailed arrange 
ment of a timer in the circuit shown in FIG. 1; 

FIG. 7A is a flow chart showing a write verify process in 
verify processes of the flash EEPROM shown in FIGS. 1 to 
6; 
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FIG. 7B is a table showing the relationship among the 
input data, readout data, and write data; 

FIG. 8 is a timing chart for explaining verify processes of 
the flash EEPROM shown in FIGS. 1 to 6; 

FIG. 9 is a schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function as a Semiconductor Storage device according to the 
Second embodiment of the present invention; 

FIG. 10A is a circuit diagram showing an arrangement of 
a power Supply Voltage detection circuit in the circuit shown 
in FIG. 9; 

FIG. 10B is a table showing the relationship between the 
output signals from registers and division process, 

FIG. 11A is a flow chart showing a write verify process in 
verify processes of the flash EEPROM shown in FIGS. 9 and 
10; 

FIG. 11B is a table showing the relationship among the 
input data, readout data, and write data; 

FIG. 12 is a timing chart for explaining the Verify pro 
cesses in the flash EEPROM shown in FIGS. 9 and 10; 

FIG. 13A is a circuit diagram showing another arrange 
ment of the power Supply Voltage detection circuit in the 
circuit shown in FIG. 9; 

FIG. 13B is a table showing the relationship between the 
output signals from registers and division process, 

FIG. 14A is a flow chart showing a write verify process 
in a flash EEPROM with an automatic write function as a 
Semiconductor Storage device according to the third embodi 
ment of the present invention; 

FIG. 14B is a table showing the relationship among the 
input data, readout data, and write data in the flow chart 
shown in FIG. 14A, 

FIG. 15 is a timing chart for explaining the write verify 
process in the flash EEPROM with the automatic write 
function in the flow chart shown in FIG. 14A, 

FIG. 16 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function as a Semiconductor Storage device according to the 
fourth embodiment of the present invention; 

FIG. 17 is a schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function as a Semiconductor Storage device according to the 
fifth embodiment of the present invention; 

FIG. 18 is a schematic block diagram showing the circuit 
arrangement of a flash EEPROM having an automatic erase 
function as a Semiconductor Storage device according to the 
Sixth embodiment of the present invention; 

FIG. 19 is a block diagram of an erase history storage 
circuit shown in FIG. 18; 

FIG. 20 is a circuit diagram showing the arrangement for 
one unit of the erase history storage circuit shown in FIG. 19 
in detail; 

FIG. 21 is a timing chart for explaining the operation of 
the circuit shown in FIG. 20; 

FIG. 22 is a flow chart for explaining the operation 
sequence of the embodiment shown in FIG. 18; 

FIG. 23 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM having an automatic erase 
function as a Semiconductor Storage device according to the 
Seventh embodiment of the present invention; 

FIG.24 is a partial circuit diagram showing a memory cell 
array shown in FIG. 23, which includes an internal erase flag 
circuit; 
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FIG.25 is a flow chart for explaining the operation of the 

circuit shown in FIGS. 23 and 24; 
FIG. 26 is a partial circuit diagram showing another 

memory cell array which includes an internal erase flag 
circuit; 

FIG. 27 is a flow chart for explaining the operation of the 
circuit shown in FIG. 26; 

FIG. 28 is a view for explaining a function of automati 
cally erasing only required blocks in a Semiconductor Stor 
age device according to the eighth embodiment of the 
present invention; 

FIG. 29A is a flow chart showing the operation sequence 
of pre-programming upon automatic erase according to the 
ninth embodiment of the present invention; 

FIG. 29B is a graph showing a change in Verify voltage 
for pre-programming shown in FIG. 29 A; 

FIG. 30A is a flow chart showing the operation sequence 
of pre-programming upon automatic erase according to the 
10th embodiment of the present invention; 

FIG. 30B is a graph showing a change in verify voltage 
for pre-programming shown in FIG. 30A; 

FIG. 31A is a flow chart showing the operation Sequence 
of pre-programming upon automatic erase according to the 
11th embodiment of the present invention; 

FIG. 31B is a graph showing a change in Verify voltage 
for pre-programming shown in FIG. 31A, 

FIG. 32 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM having an automatic erase 
function as a Semiconductor Storage device according to the 
12th embodiment of the present invention; 

FIG. 33 is a block diagram showing an example of the 
arrangement of a high-voltage detect circuit used in the 
embodiment shown in FIG. 32; 

FIG. 34A is a flow chart showing the operation of the 
embodiment shown in FIG. 32; 

FIG. 34B is a graph showing changes in Voltage in the 
respective portions of a Selected cell, which is used in 
explanation of the operation of the flow chart shown in FIG. 
34A; 

FIG. 35 is a flow chart showing the operation sequence 
upon automatic write according to the 13th embodiment of 
the present invention; 

FIG. 36 is a schematic block diagram showing the circuit 
arrangement of a conventional flash EEPROM with an 
automatic write function; 

FIG. 37A is a flow chart for explaining the automatic 
write operation in the conventional circuit shown in FIG. 36; 

FIG. 37B is a table showing the logic relationship among 
the input data, readout data, and write data in the prior art 
shown in FIG. 36; and 

FIG. 38 is a timing chart for explaining the automatic 
write operation in the prior art shown in FIG. 36. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The preferred embodiments of the present invention will 
be described hereinafter with reference to the accompanying 
drawings. 

First Embodiment 

FIG. 1 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function to explain a Semiconductor Storage device accord 
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ing to the first embodiment of the present invention. In a 
memory cell array 111, each row of memory cells is Selected 
by a row decoder 112, and each column of memory cells is 
selected by a column decoder 113D via a Y selector 113S. 
An address Signal is Supplied to an address register 114, 
multiplexer 115, write division control circuit 126, and 
command register 116. The output signal from the address 
register 114 is supplied to the multiplexer 115, and the 
address Signal Selected by the multiplexer 115 is Supplied to 
the row and column decoders 112 and 113D. Data in a 
memory cell selected by the row and column decoders 112 
and 113D is Supplied to, and Sensed and amplified by a Sense 
amplifier 117 via the Y selector 113S, and the amplified data 
is read out via an I/O buffer 118. On the other hand, write 
data input to the I/O buffer 118 is supplied to and latched by 
a data register 119, and the data latched by the data register 
119 is written in a memory cell selected by the row and 
column decoders 112 and 113D via a write data generation 
circuit 120 and write switch 121. The write data generation 
circuit 120 receives the output signal from the Sense ampli 
fier 117 to control write data generation. 

The command register 116 receives a control Signal and 
command, and the output signal from the command register 
116 is supplied to the data register 119 and a control circuit 
122. The control circuit 122 controls the operation mode of 
the flash EEPROM and the like in accordance with the 
control Signal and command Supplied to the command 
register 116, and a timer 123, power Supply circuit (booster 
circuit) 124 connected between power Supply terminals V, 
and Dss, verify circuit 125, and the like are controlled by the 
output signal from the control circuit 122. The timing output 
of the timer 123 is supplied to the write division control 
circuit 126 and control circuit 122. The output signal from 
the write division control circuit 126 is supplied to the write 
data generation circuit 120. The power Supply circuit 124 
comprises a booster circuit, which shifts the level of a power 
Supply voltage (i.e., boosts it) Supplied from the power 
Supply terminals V, and Dss, and Supplies high Voltages 
for write to the row and column decoders 112 and 113D, 
write data generation circuit 120, write switch 121, and the 
like. The verify circuit 125 receives the output signal from 
the write data generation circuit 120, and Supplies a verify 
result to the control circuit 122. 

FIG. 2 shows principal part directly related to the present 
invention in the flash EEPROM shown in FIG. 1, i.e., the 
detailed circuit arrangements of Some circuits Such as the 
memory cell array 111, row and column decoders 112 and 
113D, Y selector 113S, sense amplifier 117, write data 
generation circuit 120, write Switch 121, and power Supply 
circuit 124 in the circuit shown in FIG. 1. Power supply 
circuits 124-1 and 124-2 of FIG. 2 correspond to the power 
Supply circuit 124 in the circuit shown in FIG. 1, and charge 
pump circuits are arranged in these power Supply circuits 
124-1 and 124-2. The output voltage from the power supply 
circuit 124-1 is supplied to the row and column decoders 112 
and 113D, and the write data generation circuit 120. As a 
result, the output voltages of the row and column decoders 
112 and 113D and Yselector 113S, and the write data control 
circuit 120 are high Voltages, e.g., 10V, upon writing data. A 
high Voltage output from the power Supply circuit 124-2 is 
supplied to one end of a current path of MOS transistors S0 
to S15 that construct the write switch 121. The gates of these 
MOS transistors SO to S15 receive the output signal from 
the write data generation circuit 120 and are Selectively 
ON/OFF-controlled. Column selection transistors O0 to O15 
of the Y Selector 113S are inserted between the MOS 
transistors S0 to S15 and bit lines BL0 to BL15, and are 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
selectively ON/OFF-controlled by the output signal from the 
column decoder 113D. The input terminal of the sense 
amplifier 117 is connected to the nodes between the MOS 
transistors S0 to S15 and column selection transistors Q0 to 
Q15, and data read out from a given memory cell onto a bit 
line is Supplied to that input terminal via a corresponding 
column selection transistor. Memory cells (EEPROM cells) 
MC, ... are connected between the bit lines BL0 to BL15 
and ground point Vss, and word lines are connected to the 
control gates of the memory cells MC, ... in units of rows. 
The memory cell array 111 has a 16-bit configuration, i.e., 
I/OS 0 to 15. 

FIG. 3A shows the detailed arrangement of the data 
register 119, write data generation circuit 120, verify circuit 
125, and write Switch 121 in the circuit shown in FIGS. 1 
and 2, paying attention to the i-th bit. The data register 119 
comprises NOR gates 30 and 31, inverters 32 and 33 
connected at the output of the NOR gates 30 and 31, p-MOS 
transistors 34 and 35 serially connected between outputs of 
the inverters 32 and 33, and n-MOS transistors 36 and 37 
connected in parallel with the p-MOS transistors 34 and 35, 
respectively. One input terminal of the NOR gate 30 receives 
an operation control signal DINEN from the command 
register 116, and its other input terminal receives I/O data 
IOPADi of the i-th bit from the I/O buffer 118. The output 
signal from the NOR gate 30 is supplied to one end of the 
current path of the MOS transistors 34 and 36 via the 
inverter 32. One input end of the current path of the MOS 
transistors 35 and 37 and one input terminal of the NOR gate 
31 are connected to the other end of the current path of these 
MOS transistors 34 and 36. The other input terminal of the 
NOR gate 31 receives a reset signal RST from a power ON 
reset circuit (not shown), and the output signal from the 
NOR gate 31 is supplied to the other end of the current path 
of the MOS transistors 35 and 37 via the inverter 33. The 
gates of the MOS transistors 34 and 37 receive a data latch 
Signal DL from the control circuit 122, and the gates of the 
MOS transistors 35 and 36 receive an inverted signal/DL of 
the data latch Signal DL. 
The write data generation circuit 120 comprises NOR 

gates 40 to 43, clocked inverters 44 and 45 connected at the 
outputside of the NOR gates 40 and 41, respectively, NAND 
gates 46 to 48, inverters 49 to 51 respectively connected at 
one input of the NAND gates 47 and 48 and at one input of 
the NOR gate 43, and the like. An output signal DINLATi 
from the NOR gate 31 in the data register 119 is supplied to 
one input terminal of each of the NOR gates 40 and 42, and 
one input terminal of the NAND gate 48. An output signal 
SAOi of the i-th bit of the sense amplifier 117 is supplied to 
the other input terminal of the NAND gate 48 and the other 
input terminal of the NOR gate 42 via the inverter 50. The 
output signal from the NAND gate 48 is supplied to one 
input terminal of the NOR gate 43 via the inverter 51, and 
the output signal from the NOR gate 42 is supplied to the 
other input terminal of the NOR gate 43. An output signal 
VERIOKi from the NOR gate 43 is supplied to the other 
input terminal of the NOR gate 40 and to one input terminal 
of the NAND gate 60. The output signal from this NOR gate 
40 is supplied to the input terminal of the clocked inverter 
44, and the output signal from this clocked inverter 44 is 
supplied to one input terminal of the NOR gate 41. The other 
input terminal of the NOR gate 41 receives the reset signal 
RST, and the output signal of the NOR gate 41 is supplied 
to the input terminal of the clocked inverter 45 and one input 
terminal of the NAND gate 46. The clocked inverters 44 and 
45 operate in response to a data latch clock DLK and its 
inverted signal /DLK supplied from the control circuit 22. 
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The other input terminal of the NAND gate 46 receives a 
division control signal PEi of the i-th bit output from the 
write division control circuit 126. A data latch signal DLATi 
of the i-th bit output from the NAND gate 46 is supplied to 
one input terminal of the NAND gate 47 via the inverter 49. 
The other input terminal of the NAND gate 47 receives a 
signal PRGMD indicating a write mode, which is output 
from the control circuit 122. 

The verify circuit 125 comprises a NAND gate 60 and 
inverter 61 connected at the output terminal of the gate 60. 
One input terminal of the NAND gate 60 receives the output 
signal VERIOKi from the NOR gate 43, and the other input 
terminal receives an “i-1'-th bit output signal COMP(i-1) of 
the verify circuit. The output signal from this NAND gate 60 
is supplied to the control circuit 122 via the inverter 61 as a 
comparison result signal COMPi. 

The write switch 121 comprises p-MOS transistors 70 to 
72, n-MOS transistors 73 to 77, and an inverter 78. A 
boosted voltage VSWC around 10V Supplied from the 
power Supply circuit 124 is applied to one end of the current 
path of the MOS transistors 70, 71, and 72. The other end of 
the current path of the MOS transistor 70 is connected to one 
end of the current path of the MOS transistor 73, and the gate 
of the MOS transistor 71. The other end of the current path 
of the MOS transistor 71 is connected to one end of the 
current path of the MOS transistor 74 and the gate of the 
MOS transistor 70. The other end of the current path of the 
MOS transistors 73 and 74 is connected to ground point Vss. 
The output signal from the NAND gate 47 in the write data 
generation circuit 120 is supplied to the gate of the MOS 
transistor 73 and the input terminal of the inverter 78. The 
output signal from this inverter 78 is supplied to the gate of 
the MOS transistor 74. The other end of the current path of 
the MOS transistor 72 is connected to one end of the current 
path of the MOS transistor 75, and the other end of the 
current path of the MOS transistor 75 is connected to the 
ground point Vss. The gates of these MOS transistors 72 and 
75 are commonly connected to the node of the current path 
of the MOS transistors 71 and 74 to construct a CMOS 
inverter. A boosted potential VDOF around 8V output from 
the power Supply circuit 124 is applied to one end of the 
current path of the MOS transistor 76, and a boosted 
potential VSWBS is applied to its gate. The boosted poten 
tial VSWBS is “6V+threshold voltage of MOS transistor 
76". One end of the current path of the MOS transistor 77 
is connected to the other end of the current path of the MOS 
transistor 76, and the gate of the MOS transistor 77 is 
connected to the node of the current path of the MOS 
transistors 72 and 75. A potential DLINEi at the other end of 
the current path of the MOS transistor 77 is supplied to the 
drain of the Selected cell transistor. 

The signals DINLATi, SAOi, VERIOKi, and DLATI in 
the circuit shown in FIG. 3A have a logic relationship shown 
in FIG. 3B. More specifically, when the signal DINLATi 
output from the NOR gate 31 matches the output signal 
SAOi of the sense amplifier, the signal VERIOKichanges to 
level “”, which indicates that the input data matches the 
readout data. The output signal DLATi from the NAND gate 
46 changes to level “1” when the signals DINLATi and 
SAOi match each other, and also changes to level “1” to 
control the write Switch 121 for rewrite when the input data 
and readout data do not match and the input data is at level 
“1”. 

FIG. 4 shows the overall circuit (for 16 bits) of the verify 
circuit 125 shown in FIG. 3A. Signals VERIOKO to 
VERIOK15 of the 0th to 15th bits supplied from the data 
generation circuit 120 are respectively Supplied to one input 
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terminal of each of NAND gates 60-0 to 60-15. The other 
input terminal of the first NAND gate 60-0 receives the 
power Supply Voltage V, as fixed data of level “1”, and the 
output signal from this NAND gate 60-0 is supplied to the 
other input terminal of the NAND gate 60-1 via an inverter 
61-0. 

Likewise, the output signals from the NAND gates 60-1 
to 60-15 are supplied to the next NAND gates via inverters 
61-0 to 61-14, and a matching signal VERIOK is obtained 
from the last inverter 61-15. The matching signal VERIOK 
changes to level “1” when all the signals VERIOKO to 
VERIOK15 of 16 bits match the input data. 

FIG. 5A is a circuit diagram showing the detailed arrange 
ment of the write division control circuit 126 in the circuit 
shown in FIG.1. This circuit includes NAND gates 81 to 97, 
inverters 98 to 106, NOR gates 207 to 214, and binary 
counters 215 to 217. The first input terminal of the NAND 
gate 81 receives a signal DSO, and the second to fourth input 
terminals thereof respectively receive output Signals 
TCUT4, TCUT3, and TCUT1 from the timer 123. The 
output from the NAND gate 81 is supplied to one input 
terminal of the NAND gate 82, whose output signal is 
supplied to one input terminal of the NAND gate 83. The 
other input terminal of the NAND gate 83 receives a signal 
PRGMD indicating a write mode, which is output from the 
control circuit 122, and the output signal of the NAND gate 
83 is supplied to the other input terminal of the NAND gate 
82, the input terminal of the inverter 98, the first input 
terminal of the NOR gate 207, and one input terminal of the 
NOR gate 211. The output signal from the inverter 98 is 
supplied to the first input terminal of the NAND gate 84, and 
one input terminal of the NAND gate 85. The other input 
terminal of the NAND gate 85 receives the signal PRGMD. 
The second to fourth input terminals of the NAND gate 84 
respectively receive output signals TCUT5, TCUT3, and 
TCUT2 from the timer 123, and the output signal of the 
NAND gate 84 is supplied to one input terminal of each of 
the inverter 99 and NOR gate 110. The other input terminal 
of the NOR gate 210 receives an output signal GCLK from 
the timer 123, and the output signal of this NOR gate 210 is 
supplied to one input terminal of the NOR gate 212. The 
second input terminal of the NOR gate 207 receives the 
output signal GCLK from the timer 123, and the third input 
terminal thereof receives the output signal TCUT1 from the 
timer 123. The output signal from the NOR gate 207 is 
supplied to one input terminal of the NOR gate 208. The 
output signal from the NOR gate 208 is supplied to one input 
terminal of the NOR gate 209. The other input terminal of 
the NOR gate 209 receives the signal PRGMD via the 
inverter 102, and the output signal of the NOR gate 209 is 
supplied to the other input terminal of the NOR gate 208 and 
the other input terminal of the NOR gate 211. The output 
signal from the NOR gate 211 is supplied to the other input 
terminal of the NOR gate 212, which outputs a signal 
/PTRST 
The output signal of the inverter 99 is supplied to an input 

terminal /CI1 of the binary counter 215, and is also supplied 
to an input terminal CI1 via the inverter 100. Output 
terminals CI and /CI of the binary counter 215 are respec 
tively connected to input terminals CI1 and /CI1 of the 
binary counter 216, whose output terminals CI and /CI are 
respectively connected to input terminals CI1 and /CI1 of 
the binary counter 217. Reset input terminals RST of the 
binary counters 215 to 217 receive the output signal from the 
NAND gate 85. An output signal PECUT0 output from the 
output terminal CI of the binary counter 215 is supplied to 
one input terminal of the NOR gate 214, one input terminal 
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of each of the NAND gates 91 and 93, and the input terminal 
of the inverter 106. An output signal PECUT1 output from 
the output terminal CI of the binary counter 216 is supplied 
to one input terminal of each of the NAND gates 86 and 88, 
and the input terminal of the inverter 104. An output signal 
/PECUT2 output from the output terminal /CI of the binary 
counter 217 is supplied to one input terminal of the NAND 
gate 87. The other input terminal of the NAND gate 86 
receives a signal DS1 via the inverter 101, and the output 
signal of this NAND gate 86 is supplied to the other input 
terminal of the NAND gate 87. The NAND gate 87 outputs 
a signal PTEND. 
One input terminal of the NOR gate 213 receives the 

output signal from the NAND gate 85, and the other input 
terminal thereof receives the output signal PTEND from the 
NAND gate 87. The output signal from this NOR gate 213 
is supplied to one input terminal of each of the NAND gates 
90 and 92. The other input terminal of the NAND gate 88 
receives the signal DS1, and the output signal of the NAND 
gate 88 is supplied to the other input terminal of the NOR 
gate 214 and the input terminal of the inverter 105 via the 
inverter 103. The 34 output signal from the inverter 104 is 
supplied to the other input terminal of the NAND gate 89, 
whose output signal is Supplied the other input terminal of 
the NAND gate 93, and the second input terminal of the 
NAND gate 92. The output signal from the inverter 105 is 
supplied to the other input terminal of the NAND gate 91, 
and the output signal from the inverter 106 is supplied to the 
third input terminal of the NAND gate 92. The output signals 
from the NAND gates 90 to 93 are respectively supplied to 
one input terminal of each of the NAND gates 94 to 97, and 
the other input terminal of each of these NAND gates 94 to 
97 receives the signal DSO. Write data PE0 to PE4 are then 
output from the output terminals of the NAND gates 94 to 
97. The write data PE0 is supplied to the I/Os 0 to 3, the 
write data PE1 to the I/OS 8 to 11, the write data PE2 to the 
I/OS 4 to 7, and the write data PE3 to the I/OS 12 to 15. 

FIG. 5B shows the relationship between the signals DS0 
and DS1, and the division schemes in the circuit shown in 
FIG. 5A. When a signal DS0 of level “0” and a signal DS1 
of level “0” are input, no division is done, and a 16-bit batch 
selection mode is set. Also, when a signal DS0 of level “0” 
and a signal DS1 of level “1” are input, no division is done, 
and a 16-bit batch Selection mode is Set. By contrast, when 
a signal DS0 of level “1” and a signal DS1 of level “0” are 
input, a 2-division mode is Set, and Selection is made in units 
of 8 bits. Furthermore, when a signal DS0 of level “1” and 
a signal DS1 of level “1” are input, a 4-division mode is set, 
and Selection is made in units of 4 bits. 

FIG. 6 is a circuit diagram Showing the detailed arrange 
ment of the timer 123 in the circuit shown in FIG. 1. The 
timer 123 comprises delay circuits 220 and 221, NAND 
gates 222 to 225, inverters 226 to 228, binary counters 230-0 
to 230-n, inverters 231 to 233 and 235-0 to 235-n, and a 
NAND gate 234. One input terminal of the NAND gate 222 
receives an enable signal EN from the control circuit 122, 
and the output signal of the NAND gate 222 is supplied to 
one input terminal of the NAND gate 225 via the inverter 
226 as a clock Signal CLK. The output Signal from the delay 
circuit 220 is Supplied to the delay circuit 221, and is also 
supplied to one input terminal of the NAND gate 223 via the 
inverter 227. The output signal of the delay circuit 221 is 
supplied to one input terminal of the NAND gate 224, the 
other input terminal of which receives the enable signal EN. 
The output signal of the NAND gate 224 is supplied to the 
input terminal of the delay circuit 220, and the other input 
terminal of the NAND gate 222. The output signal of the 
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NAND gate 223 is supplied to the other input terminal of the 
NAND gate 225, whose output signal is supplied to the input 
terminal of the inverter 231 via the inverter 228 as the clock 
signal GCLK. The output signal of the inverter 231 is 
Supplied to an input terminal CI1 of the binary counter 
230-1, and is also supplied to an input terminal /CI1 via the 
inverter 232. Output terminals CI and /CI of the binary 
counters 230-0 to 230-n are respectively supplied to input 
terminals CI1 and /CI1 of their respective neighboring 
binary counters, and Signals from the output terminals (CI of 
the binary counters 230-0 to 230-n are supplied to the write 
division control circuit 126 shown in FIG. 5A via the 
inverters 235-0 to 235-n as the signals TCUT0 to TCUTn. 
One input terminal of the NAND gate 234 receives a signal 
TCRST via the inverter 233, and the other input terminal 
thereof receives an output signal /PTRST from the write 
division control circuit 126. 
The Signal TCRST is used for detecting a status change, 

and resetting the timer 123, and the output Signal from the 
NAND gate 234 is supplied to reset input terminals RST of 
the binary counters 230-0 to 230-n to reset the timer 123. 

FIGS. 7A and 7B, and FIG. 8 are views for explaining a 
write verify process in the flash EEPROM shown in FIGS. 
1 to 6. FIG. 7A is a flow chart showing the write verify 
process, FIG. 7B shows the logic relationship among the 
input data, readout data, and write data, and FIG. 8 is a 
timing chart of the process. 
As shown in the flow chart in FIG. 7A, when the write 

verify process is started, a write verify setup is made (Step 
S1), and a write verify read is done after an elapse of a power 
Supply setup period around 1 uS (Step S2). It is checked by 
comparison if the input data matches the readout data (Step 
S3). If the two data match each other, a read setup is done 
(step S4), thus ending the process. On the other hand, if the 
two data do not match, it is checked if the number of rewrite 
cycles has reached a limit (step S5). If NO in step S5, the 
input data and inverted data of the readout data are ANDed 
to obtain write data (step S6). The input data, readout data, 
and write data in Step S6 have a logic relationship shown in 
FIG. 7B. Subsequently, a write setup is done (step S7). After 
that, 4-bit data is written in the I/Os 0 to 3 in the memory cell 
array (step S8), next 4-bit data in the I/OS 4 to 7 (step S9), 
still next 4-bit data in the I/OS 8 to 11 (step S10), and last 
4-bit data in the I/OS 12 to 15 (step S11). In the writes in 
StepS S8 to S11, a Voltage Supplied to the memory cells is a 
high Voltage generated by boosting the power Supply Voltage 
V (e.g., 3V). As shown in the timing chart in FIG. 8, for 
example, a Voltage of 10V is applied to the control gate 
(word line) of the Selected cell transistor, and a voltage of 5 
to 6V is applied to its drain (bit line). The write method to 
this cell transistor is hot electron injection, and requires a 
drain current around 500 uA/bit. The write continues for a 
write time (e.g., about 5 us) Set in the timer 123. After that, 
the number of cycles is incremented by 1 (step S12), and the 
flow returns to step S1 to repeat the aforementioned write 
Verify proceSS until the input data matches the readout data. 
If the two data do not match even after the number of cycles 
has reached a predetermined limit, a defect is determined 
(step S13), and a read Setup is done (step S4), thus ending 
the process. 

In the first embodiment, since 16 bits are batch-selected or 
divided into two or four groups depending on the levels of 
the signals DSO and DS1, and the number of memory cells 
that undergo a write is Selectively Switched to 16, 8, or 4, 
thus reducing the consumption current of the power Supply 
circuit (booster circuit) 24. Hence, when the power Supply 
Voltage lowers, the number of divisions is increased to 
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minimize the pattern occupation area of the booster circuit 
in the power Supply circuit. In this case, in order to prevent 
the first and last Selected memory cells from having a write 
characteristic difference, the Selection timing of a bit line is 
Set after completion of boosting of the gate Voltage, and the 
Selection time per bit line is made constant, thus reducing 
variations of write characteristics depending on the I/Os. 
Therefore, a low power Supply Voltage can be used without 
increasing the chip area. 

In the first embodiment described above, the number of 
divisions is Switched using the signals DS0 and DS1. 
Alternatively, fixed-level potentials may be input as these 
Signals, and a circuit arrangement that does not Switch the 
number of divisions may be provided. In the above 
description, the memory cell array 111 is divided into two or 
four groups, but may be divided into eight groups, 16 
groups, and the like as needed. 

Second Embodiment 

FIG. 9 is a schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function So as to explain a Semiconductor Storage device 
according to the Second embodiment of the present inven 
tion. In the Second embodiment, a power Supply Voltage 
detection circuit 127 is added to the circuit arrangement 
shown in FIG. 1, and the operation of the write division 
control circuit 126 is controlled in accordance with the 
detection result of the power Supply Voltage detection circuit 
127. More specifically, at the beginning of an automatic 
write process, the power Supply Voltage detection circuit 127 
detects the power Supply Voltage V, and holds detection 
Signals A and B. According to the levels of these signals. A 
and B (i.e., according to the power Supply Voltage levels), 
one of a no-division mode (V=high level), a two-division 
mode (V=middle level), and a four-division mode (V, 
low level) is selected. The same reference numerals in FIG. 
9 denote the same parts as those in FIG. 1, and a detailed 
description thereof will be omitted. 

FIG. 10A is a circuit diagram showing an arrangement of 
the power Supply Voltage detection circuit 127 in the circuit 
shown in FIG. 9. The circuit 127 comprises resistors 140, 
141, and 142, operational amplifiers 143 and 144, registers 
145 and 146, and the like. The resistors 140, 141, and 142 
are connected in Series between the power Supply V, and 
ground point Vss to generate two potentials by resistively 
dividing the Voltage across the power Supply V, and 
ground point Vss. These potentials are respectively Supplied 
to the inverting input terminals (-) of the operational ampli 
fiers 143 and 144. The non-inverting input terminals (+) of 
the operational amplifiers 143 and 144 receive a reference 
potential V, and their comparison outputs are respec 
tively latched by the registers 145 and 146 in response to the 
enable signal EN. The division operation of the write 
division control circuit 126 is controlled by output Signals. A 
and B from these registers 145 and 146, as shown in, e.g., 
FIG 10B. 

More specifically, when both the signals A and B are at 
level “0”, 16 bits are batch-selected; when the signal A is at 
level “0” and the signal B is at level “1”, 8 bits are selected 
(two-division); and when both the signals are at level “1”, 4 
bits are selected (four-division). 

Note that the division operation shown in FIG. 5A is 
available if the signals A and B are used as the signals DSO 
and DS1 shown in FIG. 5A. 

FIGS. 11A and 11B and FIG. 12 are views for explaining 
a write verify process in the flash EEPROM shown in FIGS. 
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9 and 10. FIG. 11A is a flow chart showing the write verify 
process, FIG. 11B shows the logic relationship among the 
input data, readout data, and write data, and FIG. 12 is a 
timing chart of the process. 
As shown in the flow chart in FIG. 11A, the power supply 

Voltage detection circuit 127 detects the power Supply 
voltage prior to a data write (step S1). After that, when the 
write verify process is started, a write verify Setup is made 
(step S2), and a write verify read is done after an elapse of 
a power Supply Setup period around 1 uS (step S3). It is 
checked by comparison if the input data matches the readout 
data (Step S4). If the two data match each other, a read setup 
is done (step S5), thus ending the process. On the other hand, 
if the two data do not match, it is checked if the number of 
rewrite cycles has reached a limit (step S6). If NO in step S6, 
the input data and inverted data of the readout data are 
ANDed to obtain write data (step S7). The input data, 
readout data, and write data in Step S6 have a logic rela 
tionship shown in FIG. 11B. Subsequently, it is checked if 
the output Signal A of the power Supply Voltage detection 
circuit 127 is at level “1” (step S8). If YES in step S8, a write 
process is done in the four-division mode. More Specifically, 
after a write setup is done (step S9), 4-bit data is written in 
the I/OS 0 to 3 in the memory cell array (step S10), next 4-bit 
data in the I/OS 4 to 7 (step S11), still next 4-bit data in the 
I/OS 8 to 11 (step S12), and last 4-bit data is written in the 
I/OS 12 to 15 (step S13). In the writes in steps S10 to S13, 
the Voltage Supplied to the memory cells is a high Voltage 
generated by boosting the power Supply Voltage V, (e.g., 
3V). As shown in the timing chart in FIG. 12, for example, 
a voltage of 10V is applied to the control gate (word line) of 
the Selected cell transistor, and a Voltage of 5 to 6V is applied 
to its drain (bit line). The write method to this cell transistor 
is hot electron injection, and a drain current around 500 
pla/bit is required. The write continues for a write time (e.g., 
about 5 us) set in the timer 123. After that, the number of 
cycles is incremented by 1 (step S14), and the flow returns 
to Step S1 to repeat the aforementioned write Verify process 
until the input data matches the readout data. 
On the other hand, if it is determined in step S8 that the 

output signal A is not at level “1”, it is checked if the output 
Signal B of the power Supply Voltage detection circuit 127 is 
at level “1” (step S15). If YES in step S15, a write process 
is done in the two-division mode. After a write Setup is made 
(step S16), 8-bit data is written in the I/Os 0 to 7 in the 
memory cell array (step S17), and the remaining 8-bit data 
is written in the I/OS 8 to 15 (step S18). In the writes in steps 
S17 and S18, the voltages to be supplied to the memory cells 
are as shown in the timing chart in FIG. 12, as in steps S10 
to S13. After that, the number of cycles is incremented by 1 
(step S14), and the flow returns to step S1 to repeat the 
aforementioned write verify proceSS until the input data 
matches the readout data. 

Furthermore, if it is determined in step S15 that the output 
Signal B is not at level “1”, a batch write proceSS is done, and 
16-bit data is written in the I/Os 0 to 15 in the memory cell 
array (step S19). In a write in step S19, the voltages to be 
Supplied to the memory cells are as shown in the timing 
chart in FIG. 12. After that, the number of cycles is incre 
mented by 1 (step S14), and the flow returns to step S1 to 
repeat the aforementioned write verify process until the 
input data matches the readout data. If the two data do not 
match even after the number of cycles has reached a 
predetermined limit, a defect is determined (step S20), and 
a read Setup is done (step S5), thus ending the process. 
With this arrangement, when the power Supply Voltage 

V, has a wide range (e.g., 1.8V to 3.6V) or a write is done 
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using a high power Supply Voltage V, in, e.g., an accel 
eration test, an optimal division method can be Selected 
depending on the power Supply Voltage V. For this 
reason, compared to a case that always assumes the lowest 
Voltage, the write Speed can be optimized, and a short write 
time and test time (a test cost reduction) can be expected. 

In the Second embodiment, two detection levels are pre 
pared to Select one of the no-division, two-division, and 
four-division modes. However, the number of detection 
levels and division methods may be arbitrarily selected. For 
example, when the power Supply Voltage detection circuit is 
arranged, as shown in FIG. 13A, and four detection levels A, 
B, C and D are prepared, no-division, two-division, four 
division, eight-division, and 16-division modes can be real 
ized. 

FIG. 13A is a circuit diagram showing another arrange 
ment of the power Supply Voltage detection circuit 127 in the 
circuit shown in FIG. 9. This circuit comprises resistors 150 
to 154, operational amplifiers 155 to 158, registers 159 to 
162, and the like. The resistors 150 to 154 are connected in 
Series between the power Supply V, and ground point Vss 
to generate four potentials by resistively dividing the Voltage 
acroSS the power Supply V, and ground point Vss. These 
potentials are respectively Supplied to the inverting input 
terminals (-) of the operational amplifiers 155 to 158. The 
non-inverting input terminals (+) of the operational ampli 
fiers 155 to 158 receive a reference potential V, and their 
comparison outputs are latched by the registers 159 to 162 
in response to the enable Signal EN. The division operation 
of the write division control circuit 126 is controlled by the 
output signals A, B, C, and D from these registers 159 to 
162, as shown in FIG. 13B. 
More Specifically, when all the Signals A, B, C, and D are 

at level “0”, 16 bits are batch-selected; when the signals A, 
B, and C are at level “0” and the signal D is at level “1”, 8 
bits are selected (two-division); when the Signals A and B are 
at level “0” and the signals C and D are at level “1”, 4 bits 
are selected (four-division); when the signal A is at level “0” 
and the signals B, C, and D are at level “1”, two bits are 
Selected (eight-division); and when all the signals A, B, C, 
and D are at level “1”, 1 bit is selected (16-division). 

Third Embodiment 

FIGS. 14A and 14B, and FIG. 15 are views for explaining 
a Semiconductor Storage device according to the third 
embodiment of the present invention. FIG. 14A is a flow 
chart showing a write verify process in a flash EEPROM 
with an automatic write function, FIG. 14B shows the logic 
relationship among the input data, readout data, and write 
data, and FIG. 15 is a timing chart of the process. The basic 
arrangement of the flash EEPROM of the third embodiment 
is Substantially the same as that of the Second embodiment, 
except for a verify process. 
As shown in the flow chart in FIG. 14A, when the write 

verify process is started, a write verify setup is made (Step 
S1), and a write verify read is done after an elapse of a power 
Supply setup period around 1 uS (Step S2). It is checked by 
comparison if the input data matches the readout data (Step 
S3). If the two data match each other, a read setup is done 
(step S4), thus ending the process. On the other hand, if the 
two data do not match, it is checked if the number of rewrite 
cycles has reached a limit (step S5). If NO in step S5, the 
input data and inverted data of the readout data are ANDed 
to obtain write data (step S6). The input data, readout data, 
and write data in Step S6 have a logic relationship shown in 
FIG. 14B. After the power supply voltage detection circuit 
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127 detects a power Supply Voltage (Step S7), it is checked 
if the output Signal A of the power Supply Voltage detection 
circuit 127 is at level “1” (step S8). If YES in step S8, a write 
is done in the four-division mode. More Specifically, after a 
write setup is made (step S9), 4-bit data is written in the I/OS 
0 to 3 in the memory cell array (step S10), next 4-bit data in 
the I/Os 4 to 7 (step S11), still next 4-bit data in the I/Os 8 
to 11 (step S12), and last 4-bit data in the I/OS 12 to 15 (step 
S13). In the writes in steps S10 to S13, the voltage supplied 
to the memory cells is a high Voltage generated by boosting 
the power Supply Voltage V (e.g., 3V). As shown in the 
timing chart in FIG. 15, for example, a voltage of 10V is 
applied to the control gate (word line) of the Selected cell 
transistor, and a voltage of 5 to 6V is applied to its drain (bit 
line). The write method to this cell transistor is hot electron 
injection, and a drain current around 500 uA/bit is required. 
The write continues for a write time (e.g., about 5 us) set in 
the timer 123. After that, the number of cycles is incre 
mented by 1 (step S14), and the flow returns to step S1 to 
repeat the aforementioned write verify process until the 
input data matches the readout data. 
On the other hand, if it is determined in step S8 that the 

output signal A is not at level “1”, it is checked if the output 
Signal B from the power Supply Voltage detection circuit 127 
is at level “1” (step S15). If YES in step S15, a write process 
is done in the two-division mode. After a write Setup is made 
(step S16), 8-bit data is written in the I/Os 0 to 7 in the 
memory cell array (step S17), and the remaining 8-bit data 
is written in the I/OS 8 to 15 (step S18). In the writes in steps 
S17 and S18, the voltages to be supplied to the memory cells 
are as shown in the timing chart in FIG. 15, as in steps S10 
to S13. After that, the number of cycles is incremented by 1 
(step S14), and the flow returns to step S1 to repeat the 
aforementioned write verify proceSS until the input data 
matches the readout data. 

Furthermore, if it is determined in step S15 that the output 
Signal B is not at level “1”, a batch write proceSS is done, and 
16-bit data is written in the I/Os 0 to 15 in the memory cell 
array (step S19). In a write in step S19, the voltages to be 
Supplied to the memory cells are as shown in the timing 
chart in FIG. 15. After that, the number of cycles is incre 
mented by 1 (step S14), and the flow returns to step S1 to 
repeat the aforementioned write verify process until the 
input data matches the readout data. If the two data do not 
match even after the number of cycles has reached a 
predetermined limit, a defect is determined (step S20), and 
a read Setup is done (step S4), thus ending the process. 
More Specifically, in the Second embodiment, V, is 

detected only at the beginning of the automatic write pro 
ceSS. However, in the third embodiment, V, is detected 
immediately before every write operation. Hence, even 
when the power Supply Voltage V has changed during a 
write, it can be done by a division method suitable for the 
power Supply voltage V, at that time. 

Note that the number of divisions in the third embodiment 
can be arbitrarily Set as in the Second embodiment. 

Fourth Embodiment 

FIG. 16 is a Schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function to explain a Semiconductor Storage device accord 
ing to the fourth embodiment of the present invention. In the 
fourth embodiment, the control method is determined on the 
basis of data Stored in a control data Storage circuit 128 
which comprises nonvolatile memory cells Such as 
EEPROM cells or the like, in place of the detection signals 
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A and B of the power Supply Voltage V, in the Second 
embodiment described above. 

With this arrangement, by rewriting data Stored in the 
memory cells in the control data Storage circuit 128 depend 
ing on purposes, e.g., the level of the power Supply Voltage 
V, used, an acceleration test, and the like, the division 
method can be freely changed. In this way, the write time 
can be shortened since it is optimized, and the yield can be 
improved by trimming the write characteristics. 

Note that some memory cells in the memory cell array 111 
may be used for Storing control data in place of the control 
data Storage circuit 128. Also, in place of the detection 
Signals A and B, data for controlling, e.g., the driving 
performance of the booster circuit in the power Supply 
circuit 124 may be stored, and the control method may be 
changed to raise the current Supply performance of the 
booster circuit when the power Supply Voltage drops or the 
consumption current increases, or to lower the driving 
performance of the booster circuit when the power Supply 
Voltage rises or the consumption current decreases. 
Furthermore, more accurate control may be realized by 
combining Such control of the driving performance of the 
booster circuit and a change in the number of divisions. 

Fifth Embodiment 

FIG. 17 is a schematic block diagram showing the circuit 
arrangement of a flash EEPROM with an automatic write 
function to explain a Semiconductor Storage device accord 
ing to the fifth embodiment of the present invention. 

In the fifth embodiment, a control Signal is determined on 
the basis of a test Signal TS Supplied from a circuit outside 
the chip in place of the detection signals A and B of the 
power Supply Voltage V, in the Second embodiment 
described above. In this case as well, the division method 
can be Switched depending on purposes, e.g., the level of the 
power Supply Voltage V, used, an acceleration test, and the 
like. Hence, the write time can be shortened since it is 
optimized, and a test cost reduction can be achieved. 

Sixth Embodiment 

FIG. 18 is a schematic block diagram showing the circuit 
arrangement of an electrically data rewritable flash 
EEPROM to explain a semiconductor storage device accord 
ing to the sixth embodiment of the present invention. Note 
that the same or Similar reference numerals in the embodi 
ments to be described hereinafter denote the same or cor 
responding portions in the embodiments described So far. 

Referring to FIG. 18, in a memory cell array 111, each row 
of memory cells is Selected by a row decoder 112, and each 
column of memory cells is Selected by a column decoder 
113D via a column selection circuit 113S. An address signal 
is supplied from an address register 114 to a multiplexer 115, 
and also to a command register 116. 
The address signal selected by this multiplexer 115 is 

supplied to the row decoder 112 and column decoder 113D. 
Data in a memory cell Selected by the row and column 
decoders 112 and 113D is supplied to, and sensed and 
amplified by a sense amplifier 117, and the amplified data is 
read out via an input/output (I/O) buffer 118. 
By contrast, write data input to the I/O buffer 118 is 

Supplied to and latched by a data register 119, and the data 
latched by the data register 119 is written in a memory cell 
selected by the row and column decoders 112 and 113D. 

The command register 116 receives a clock signal from a 
clock generating circuit 301 and an erase command (to be 
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described later) via the I/O buffer 118 in addition to the 
address Signal, and the output Signal from the command 
register 116 is Supplied to the address register 114, the 
multiplexer 115, the data input register 119, a control circuit 
122, and a final address detecting circuit 302. The output 
from this final address detecting circuit 302 is supplied to the 
control circuit 122. 

The clock generating circuit 301 receives an external chip 
enable Signal CE, write enable Signal /WE, and output 
enable Signal OE, and generates a clock signal at a prede 
termined timing and period. 
The control circuit 122 controls the operation mode of the 

flash EEPROM and makes various kinds of control in 
accordance with a control signal and command Supplied to 
the command register 116. The output signal from the 
control circuit 122 controls a timer 123, Voltage generating 
circuit (booster circuit) 124, verify circuit 125, address 
counter 303, and the like. 
The timing output (e.g., a time-out signal or the like) of 

the timer 123 is supplied to the control circuit 122. 
The Voltage generating circuit 124 comprises a booster 

circuit, which shifts the level of a power Supply voltage (i.e., 
boosts it), and Supplies high voltages to the row decoder 112, 
column decoder 113D, and the like. 
The verify circuit 125 outputs a verify OK signal as a 

Verify result Signal, which is Supplied to a verify bit register 
304. The verify bit register 304 receives a command from 
the command register 116, and an internal mode signal from 
the control circuit 122, and sends out verify bit contents to 
the control circuit 122. The verify bit contents will be 
explained in detail later. 

Furthermore, the address signal from the address register 
114 is also supplied to a flag ROM 306A in an erase flag 
(history) storage circuit 306, and a protect ROM 307A in a 
protect control circuit 307. A flag circuit 306B and protect 
circuit 307B are provided to these flag ROM 306A and 
protect ROM 307A. 

The flag circuit 306B has, as an erase flag, 1 bit of an 
electrically rewritable memory cell that stores history infor 
mation indicating if write has been made, for each erase 
block of the memory cell array 111. 

This erase flag is erased simultaneously when a block to 
which that erase flag belongs is erased, and is written 
Simultaneously when the block to which that erase flag 
belongs is written. Hence, once data is written in a given 
block after erase, the erase flag is Set in a write State until the 
block to which the erase flag belongs is erased again. On the 
other hand, if no write is made, the erase flag stays in an 
erase State. 

The erase history storage circuit 306 is constructed by n 
erase flag Storage units FG1 to FGn provided in correspon 
dence with n memory blocks, as shown in FIG. 19. Referring 
to FIG. 19, an input terminal IN of the first unit FG1 is 
connected to ground, and its output terminal OUT is con 
nected to an input terminal IN of the next unit FG2. 
Likewise, the output terminal of the previous unit is con 
nected to the input terminal of the next unit, and a flag output 
FLAG indicating the write history of a selected block 
memory is output from an output terminal OUT of the final 
unit FGn. 

For example, the final unit FGn has an internal 
arrangement, as shown in FIG. 20. Referring to FIG. 20, the 
control gate of a dedicated flag cell FCn provided in corre 
spondence with the n-th memory block receives the decode 
output from a dedicated row decoder 112F, and its Source 
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terminal receives the decode output from a column decoder 
113F. These row decoder 112F and column decoder 113F 
receive the address signal from the multiplexer 115 shown in 
FIG. 18. 

The drain of the flag cell FCn is connected to a node N1 
between the Source of an n-channel transistor T3 and the 
drain of an n-channel transistor T4. When a read bias RB of, 
e.g., 1.5V is Supplied to the gate of the transistor T3 upon 
flag read, as shown in FIG. 21, the transistor T3 is turned on. 
Upon programming, the gate of the transistor T4 receives a 
program bias, as shown in FIG. 21, and the transistor T4 is 
turned on. 
A p-channel transistor T1 and n-channel transistor T2 are 

connected in series with each other via a node N2 between 
the node N1 and a V power Supply terminal. The gate of 
the transistor T1 is connected to ground, and is normally 
ON. 

The gate of the transistor T2 receives the output from an 
AND gate 330, one input terminal of which receives a 
designation signal BLOCKn of this n-th memory block, and 
the other input terminal of which receives a flag read signal 
FR. Hence, when the flag read Signal is Supplied while the 
block of interest is selected, the transistor T3 is turned on in 
response to the output from the AND gate 330. 

Three n-channel transistors T4, T5, and T6 are connected 
in Series with each other between the node N1 and a program 
voltage terminal PV. The gate of the transistor T4 receives 
a program bias Signal PB, which rises to 6V during a 
program period, as shown in FIG. 21, and the transistor T4 
is turned on. The gate of the transistor T5 receives a signal 
BLOCKHn, which rises to 6V during the program period, 
and the transistor T5 is turned on. The gate of the transistor 
T6 receives a program signal P, which rises to 6V during 
only the program period, and the transistor T6 is turned on. 

The node N2 is connected to one input terminal of an OR 
gate 332 via an inverter 331, and the other input terminal of 
the OR gate 332 receives an output FLAGn-1 from the 
previous flag unit. Since the transistor T1 is normally ON, 
the node N2 is always at HIGH level and, hence, a LOW 
level signal is always supplied from the inverter 331 to one 
input terminal of the OR gate 332. 

In this manner, if the input signal FLAGn-1 from the 
previous flag unit at an input terminal IN is at HIGH level, 
an output Signal FLAGn at an output terminal OUT is also 
at high level, and Vice versa. 

For example, when a predetermined memory block in the 
memory cell array 111 shown in FIG. 18 corresponding to 
the flag cell FCn shown in FIG. 20 is selected upon data 
write, an address Signal is Supplied from the address register 
114 to the row decoder 112 and column decoder 113D via 
the multiplexer 115. In this manner, a memory cell in the 
predetermined memory block is Selected, and data is Stored 
therein. 

At this time, the transistors T4, T5, and T6 in FIG. 20 are 
turned on, as shown in FIG. 21, and a high Voltage for write 
of 10V is supplied onto a word line WLn connected to the 
control gate of the flag cell FCn, thus Setting a write enable 
State. 

The transistors T2 and T3 remain OFF at that time. 
In this State, when an identical address signal is Supplied 

from the multiplexer 115 to the row decoder 112F and 
column decoder 113F in FIG. 20, and write is made in the 
memory cell array 111, the Same write is made in the flag cell 
FCn. 

On the other hand, in an erase mode, the flag read signal 
FR is supplied to the AND gate 330. In this mode, since the 
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block select signal BLOCKn (FIG. 21) is HIGH, the tran 
sistor T2 is turned on in response to the output from the AND 
gate 330. The read bias signal RB also rises to 1.5V 
simultaneously with the block select signal BLOCKn to turn 
on the transistor T3. 

Note that the block select signal BLOCKn goes HIGH in 
only the Selected block. Hence, in each flag unit correspond 
ing to a non-Selected block, Since the transistor T2 is not 
turned on, a LOW flag signal FLAGn-1 is supplied to the 
next unit. 

When the flag cell FCn has not undergone any write, the 
node N2 on the inputside of the inverter 331 goes LOW, and 
the output from the inverter 331 goes HIGH. In this case, 
however, Since write has been made, no current is Supplied 
to the transistors T1 to T3, and the node N2 stays at a high 
potential. Since the flag Signal FLAGn-1 from the previous 
unit is LOW, as described above, the output from the 
inverter 331 changes to LOW. 

In this manner, by watching the output FLAGn from the 
final unit FGn shown in FIG. 19, if the output is HIGH, no 
erase operation is required for the block of interest; if the 
output is LOW, i.e., “0”, erase operation is required. 

In erase operation, Voltages of -7.5V and 7V are respec 
tively applied to the word line WLn and a source line SLn 
during an erase period shown in FIG. 21, thus erasing the 
block. 

The automatic erase operation in the flash memory in the 
embodiment shown in FIG. 18 will be described in detail 
below with reference to the flow chart shown in FIG. 22. 

When the erase mode is Set, an external circuit generates 
an erase command and supplies it to the I/O buffer 118 via 
the data line. The erase command is stored in the command 
register 116, and is then Supplied to the Verify bit register 
304 and control circuit 122. In this manner, the control 
circuit 122 starts the operation shown in FIG. 22. 

In the first step S31, the control circuit 122 supplies an 
initial set signal to the timer 123, verify circuit 125, address 
counter 303, and Voltage generating circuit 124. In this State, 
an address signal is Stored in the address register 114, and is 
also Supplied to the multiplexer 115 and command register 
116. 

Upon erasing a block, in Step S32 the address Signal 
output from the multiplexer 115 is supplied to the row 
decoder 112 and column decoder 113D to select a predeter 
mined memory block. Also, in order to obtain protect 
information and write history information corresponding to 
this block, the storage areas of the protect ROM 307A and 
erase flag ROM 306A corresponding to that block are 
accessed to read out and check the information. That is, the 
protect information and erase flag corresponding to the 
block to be erased are read out from the protect ROM 307A 
and flag ROM 306A, and are sent to the control circuit 122 
to verify their contents. 

If the selected block is unprotected and the contents of the 
erase flag indicate write state “0”, the control circuit 122 
executes a Series of block erase operations. By contrast, if 
the contents of the erase flag indicate erase State “1”, this 
block need not be erased, and the flow jumps to step S38 
without executing any erase operations to check if the block 
of interest is the last one in the memory cell array 111. If the 
block of interest is not the last one, the flow advances to Step 
S40 to proceed with erase operations; otherwise, read Setups 
are made in Step S39, thus ending the block erase operation. 

If the contents of the erase flag indicate write state “0” in 
Step S32, the Voltage generating circuit 124 generates a high 
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Voltage for pre-programming in response to a command 
from the control circuit 122, and Supplies it to the row 
decoder 112 to pre-program all the memory cells and flag 
cell in the block of interest in step S33. 

The flow then advances to step S34 to execute erase 
operations. At this time as well, as has been explained above 
with reference to FIG. 21, predetermined erase Voltages are 
Supplied from the Voltage generating circuit 124 to the 
control gate and Source of the flag cell to erase its contents, 
and identical Voltages are Supplied to all the memory cells in 
the block of interest to erase their contents. 

After the erase operations, the flow advances to step S35 
to Verify the presence/absence of an over-erased memory 
cell. If the verify result is OK, the flow jumps to step S38 to 
check if the block of interest is the last one. If the block of 
interest is not the last one, the next block is Selected in Step 
S40, and the flow returns to step S32. 

If an over-erased memory cell is found in step S35, weak 
write (programming) is made for the entire block in Step 
S36, and the presence/absence of an over-erased memory 
cell is checked again in step S37. If normal erase level has 
not been reached yet, erase operations are executed again in 
step S34. 
On the other hand, if it is confirmed in step S37 that 

normal erase level has been reached, it is checked in Step 
S38 if the last block has been erased. If the block of interest 
is not the last one, the next block is designated in step S40 
to repeat operations in Step S32 and the Subsequent StepS. 

If the block of interest is the last one, the flow advances 
to Step S39 to make read Setups, thus ending the process. 

In the embodiment shown in FIG. 18, flag cells formed 
independently of the memory cell array 111 are assured in 
the flag ROM 306A, but they may be integrally formed in 
the memory cell array 111. 

Seventh Embodiment 

FIG. 23 is a block diagram showing Such example. 
The arrangement of the embodiment shown in FIG. 23 is 

nearly the same as that of the embodiment shown in FIG. 18, 
except that the flag ROM 306A and flag circuit 306B in FIG. 
18 are removed from the embodiment shown in FIG. 23, but 
flag column circuits Cfare provided to individual blocks in 
the memory cell array 111 in the embodiment shown in FIG. 
23. Hence, the same reference numerals in the embodiment 
shown in FIG. 23 denote the same parts as those in FIG. 18, 
and a detailed description thereof will be omitted. 

Referring to FIG. 23, when an external erase command is 
supplied to the I/O buffer 118, this erase command is 
Supplied to the control circuit 122 via the command register 
116. In response to this command, a given block is Selected, 
and whether or not that block is protected is checked with 
reference to the protect ROM 307A in step S32 in FIG. 22 
in the same manner as in the embodiment shown in FIG. 18. 
At the same time, a flag column circuit Cf of the Selected 
block is selected by the column decoder 113D, and indi 
vidual flag cells of this flag column circuit Cfare Selected in 
turn to check the contents of erase flags. The Subsequent 
erase operations in the embodiment shown in FIG.23 are the 
same as those in the embodiment shown in FIG. 18, that 
have been explained with reference to FIG. 22. 

FIG. 24 is a circuit diagram showing the arrangement of 
the flag column circuit Cfshown in FIG. 23 in detail. FIG. 
24 shows one memory cell block 111B of a plurality of 
memory cell blocks that form the memory cell array 111 
shown in FIG. 23. The flag column circuits Cfare provided 
to the individual memory cell blocks. 
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The memory cell block 111B has a plurality of columns 

C1, C2, ..., Cn, and also has a column Cf for erase flags, 
which column has the same arrangement as that of the 
columns C1 to Cn. The columns C1, C2, . . . , Cn have 
memory cells Mc11, Mc21, ..., Mcm1, Mc12, Mc22, . . . 
, Mcm2, Mcln, Mc2n, ..., Mcmn corresponding in number 
to word lines WL1, WL2,..., WLm. Likewise, the column 
Cf for erase flags has flag cells Fc1, Fc2, . . . , Fcm 
corresponding in number to the word lines WL1, WL 2, . . . 
, WLm. 
The plurality of columns C1, C2, ..., Cn and column Cf 

for erase flags in the memory cell block 111B are commonly 
connected to a block Select gate GB via column Select gates 
GC1, GC2, ..., GCn, GCf. The column select gates GCd, 
GC2, . . . , GCn receive a Select Signal from the column 
Selection circuit 113S shown in FIG. 23, but the column 
Select gate GCf for erase flags receives an erase flag read 
signal FR or program command signal PROG via an OR 
gate 340. The block select gate GB receives a block select 
signal BLOCKn. 
The other terminal of the block select gate GB is con 

nected to the sense amplifier 117 via a transfer gate 341, and 
is also connected to a write voltage terminal PV via a write 
load transistor 343. 

In the circuit shown in FIG. 24, when the block 111B is 
Selected upon write, the program Signal PROG is Supplied to 
the OR gate 340 and load transistor 343, and a program 
Voltage is Supplied to the column for erase flags. In this State, 
for example, when the column Select gate GC1 opens in 
response to a Select Signal from the column Selection circuit 
113S in FIG. 23, the column C1 is selected, and the program 
Voltage is Supplied to that column. 
When a high voltage for write shown in FIG. 21 is 

Supplied to, e.g., the word line WL1, Write is made in the 
Selected memory cell Mc11, and is also made in the flag cell 
Fc1. Likewise, write is made even when another column is 
Selected. 
The erase operation in the embodiment shown in FIGS. 23 

and 24 will be explained below with reference to FIG. 25. 
When an erase command is externally supplied to the I/O 
buffer 118, that command is transferred to the control circuit 
122 via the command register 116, thus starting the erase 
operation shown in FIG. 25. 
Assume that the block select signal BLOCKn is supplied 

to the block select gate GB to select the block 111B. In this 
state, the flag read signal FR is supplied to the OR gate 340 
to open the column gate GCf for erase flags. 

In the first step S41 in FIG. 25, when the row address (=1) 
is supplied from the row decoder 112 to the word line WL1, 
the contents of the flag cell Fc1 are read out to the Sense 
amplifier 117 via the column gate GCf and block select gate 
GB, and the flag output is Supplied from the Sense amplifier 
117 to the verify circuit 125 via the inverter 345. It is verified 
in step S42 if the erase flag is “1”. 

Since the flag cell Fc1 has not undergone any write, the 
flag is “0”. In such case, the flow advances to step S43 to 
check if the row of interest is the last one. Since NO is 
determined in Step S43 in this case, the flow advances to Step 
S44 to increment the row address by 1, and operations in 
steps S42 and S43 are repeated for the flag cell Fc2 of the 
second row (WL2). 

If it is detected in step S43 that the verify process for the 
flag cell Fcm of the last row is complete, the flow advances 
to step S45 to set FLAG=0 indicating that erase for the block 
111B is not necessary. The flag is stored in the verify bit 
register 304. 
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If any of the flag cells Fc1 to Fcm in the column for erase 
flag has a write history, and FLAG=1 is detected in step S42, 
the flow immediately advances to step S46 without verifying 
the remaining flag cells, and FLAG=1 indicating that erase 
for the block 111B is necessary is set and is stored in the 
verify bit register 304. 

The aforementioned verify operation is repeated for all 
the blocks, and verify results are stored in the verify bit 
register 304. Hence, erase operations can be executed for 
only required blocks with reference to the contents of the 
verify bit register 304. Upon erase, flag cells are erased 
simultaneously with main body cells in the blocks. 

Eighth Embodiment 
In the embodiment shown in FIG. 24, the column for erase 

flag is provided to each block. Likewise, a row circuit for 
erase flags may be added to each block. FIG. 26 is a circuit 
diagram showing Such example, and FIG. 27 is a flow chart 
showing the operation of that circuit. 

Referring to FIG. 26, a row Rf for erase flags is added to 
rows of the main body memory block 111B consisting of a 
plurality of word lines WL1 to WLn. This row Rf consists 
of a plurality of erase flag cells Fc1 to Fcn, the gates of 
which are commonly connected to the output terminal of the 
OR gate 340. The input terminals of the OR gate 340 receive 
the flag read signal FR and write command signal PROG as 
in FIG. 24, the gate opens by either Signal, and an output 
appears. Since other arrangements are the same as those in 
FIG. 24, no more explanation will be given. 
The operation of the embodiment shown in FIG. 26 will 

be described below with reference to FIG. 27. In step S51, 
the column address=1 is Selected from the column decoder 
113D in FIG. 23 to the column selection circuit 113S to 
Select the first column C1. At this time, the flag read signal 
FR is supplied from the OR gate 340 to the gate of the flag 
cell Fc1, and its output is sent to the sense amplifier 117 via 
the block select gate GB and transfer gate 341. 

The output from the sense amplifier 117 is supplied, via 
the inverter 345, to the verify circuit 125 in FIG. 23 and is 
verified, thus verifying a flag in step S52. Likewise, the 
columns C2, ..., Cn are Selected to Verify flags. If none of 
memory cells in the block 111B have undergone write, 
flag=0 is detected in the loop of steps S52, S53, and S55, and 
flag=0 indicating that erase is not necessary is Set in Step S54 
and is stored in the verify bit register 304. 

If any of the memory cells in the block 111 has undergone 
write, verify flag=1 is detected in step S52, and flag=1 
indicating that erase is necessary is Set in Step S56 and is 
stored in the verify bit register 304. 

FIG. 28 shows the storage contents of the verify bit 
register 304 that stores the flag verify results of all the blocks 
in the memory cell array 111 in any of the embodiments 
shown in FIGS. 20, 24, and 26. In this example, the number 
of blocks is 7, and flags of block Nos. 0, 3, 6, and 7 are all 
“0”. Hence, erase operations are required for these blocks. 
Conversely, Since erase operations for the remaining block 
NoS. 1, 2, 4, and 5 are not necessary, and are not executed 
for these blocks, the erase time can be greatly shortened 
compared to conventional devices. 

In case of a flash memory that Simultaneously erases a 
plurality of blocks, blockS which do not require erase 
operations are excluded from the combination of blocks to 
be simultaneously erased, and only blocks that require erase 
operations are Simultaneously erased. In this way, the num 
ber of times of erase operations can be reduced. 

For example, in case of a flash memory that can Simul 
taneously erase four blocks, if there are eight blocks, as 
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shown in FIG. 28, erase operations must be repeated twice 
in units of four blockS. However, by providing the erase flag 
Verify function, erase operations need only be done once by 
erasing blocks 0, 3, 6, and 7 at the same time. 

Note that the erase flag cell may undergo write every time 
the cell array undergoes write. However, whether or not 
write has already been made can be easily detected by 
Verifying flags. Hence, only erase flag cells in an erase State 
may undergo write with reference to the verify results. 

Ninth Embodiment 

In erase operations, upon completion of pre-programming 
in step S33 in FIG. 22, it is often verified to confirm if 
pre-programming is normally done. By Setting a lower cell 
gate Voltage at that time than that upon verify for normal 
automatic program operation, the erase time can be short 
ened as a whole. 

The pre-programming prevents an unwritten cell from 
being over-erased by batch-erase. Hence, the pre 
programming need not completely write up to a threshold 
Voltage that can be reliably read out in case of an already 
written cell. 

Pre-programming is done in accordance with a Sequence 
shown in, e.g., FIG. 29A. That is, initial Setups are made in 
the first Step S61, and a cell undergoes write by Setting up a 
pre-program voltage PV in step S62. 

Subsequently, a verify voltage Vth for pre-programming 
is read in step S63. That is, in the graph shown in FIG.29B, 
a verify voltage Vth2 for pre-programming, which is lower 
than a verify Voltage Vth 1 for normal programming, and it 
is checked based on the read voltage in step S64 if the verify 
result is OK. 

If the verify result is OK, the number of cycles is set to 
be zero in step S65. It is then checked in step S66 if the 
current address is the last address of an erase block. If the 
current address is not the last address, the address is incre 
mented by 1 in step S67, and the flow returns to step S62. 

If the current address is the last address in step S66, a flag 
indicating verify for pre-programming=OK is Set in Step 
S68, and setups for the next read are made in step S69. Then, 
the control returns to the main routine. 

If the Verify result for pre-programming is not OK in Step 
S64, the flow advances to step S70 to check if the number 
of cycles has reached a limit value. If YES in step S70, an 
error flag is Set in Step S71, and the flow advances to Step 
S69 to end the process. 

If the number of cycles has not reached the limit value in 
step S70, the sum of input data and read data is set as 
program data in Step S72, and programming is done in Step 
S73. The number of cycles is incremented by 1 in step S74, 
and the flow then returns to step S62. 

In this process, the Voltage to be applied to the cell gate 
upon programming in Step S73 is Set at 5.5V, while it is, e.g., 
6.5V in normal automatic programming. In this manner, the 
write time can be set to be shorter than in normal program 
ming. 
Even when the threshold voltage Vth2 of a cell after 

programming is slightly lower than the normal value Vth 1, 
as shown in FIG. 29B, a verify result=OK is obtained. 
Hence, the number of times of programming of an identical 
cell until a verify result=OK is obtained can be reduced. 

10th Embodiment 

Since pre-programming need not completely write up to 
a threshold Voltage that can be reliably read out in case of an 
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already written cell as in the ninth embodiment, a Sequence 
that omits the verify process itself after pre-programming 
may be used, as shown in FIG. 30A. More specifically, a 
Verify process before programming is done to determine a 
bit to be programmed. In this case, Since the cell threshold 
Voltage has risen to a value near a verify Voltage after a 
Single write access, programming at that address then ends 
without any verify process. 

Referring to FIG.30A, after initial setups are made in step 
S81, a program voltage VP setup process in step S82 for 
Setting a bit to be programmed and a Voltage PV read proceSS 
in step S83 for verifying the cell threshold value are 
executed in the same manner as in the embodiment shown 
in FIG. 29A. 

Input data and read data are added to generate program 
data in Step S84, and pre-programming is done using the 
generated program data in Step S85. 

After pre-programming, the pre-programming process 
continues without any verify process until the last address of 
a given block is detected in steps S86 and S87, and if the last 
address is detected, the flow advances to step S88 to make 
Setups for the next read, thus ending the process. 

That is, as can be seen from FIG. 30B, when an average 
verify voltage Vith.3 of memory cells read out after a pre 
program time T in step S85 falls within the range between 
a threshold value Vitha of a quick write cell, and a threshold 
value Vithb of a slow write cell, and assumes a value closer 
to the threshold value Vithb of the slow write cell, that 
average Voltage is Sufficient as an amount written by pre 
programming in Step S85. 

11th Embodiment 

As shown in FIG. 31B, the cell threshold value rise with 
respect to the cell write time normally becomes Smaller as 
the cell threshold value is higher. When an already written 
cell is pre-programmed, the Vth rise is Small even when the 
write time is extended, as indicated by curve A in FIG. 31B. 
On the other hand, when an unwritten cell which has not 
undergone write is pre-programmed, the Vth rise is initially 
large, but its rate drops considerably as the write time 
becomes longer, as indicated by curve B in FIG. 31B. 

In this manner, upon writing the already written cell in 
pre-programming, the threshold value rise of this cell is not 
So large. That is, pre-programming before erase can be done 
for only unwritten cells as needed So as to prevent them from 
being over-erased, and no problem is posed even when an 
already written cell undergoes another write. Hence, a verify 
proceSS before pre-programming may also be omitted, and 
the pre-programming may be done in a Sequence shown in 
FIG. 31A. 
The sequence shown in FIG.31A is substantially the same 

as that in FIG.30A, except that steps S82 to S84 in FIG.30A 
are omitted. Hence, the same Step numbers denote the same 
processes, and a detailed description thereof will be omitted. 

12th Embodiment 

When the power Supply voltage is low (e.g., 1.8V), since 
a device for obtaining a write Voltage by boosting the power 
Supply Voltage has insufficient current Supply performance, 
the number of cell bits to be written simultaneously is 
controlled to divide one I/O into a plurality of I/Os, as has 
been described earlier in the embodiment shown in FIG. 1. 
This method is effective not only for normal write but also 
for pre-programming upon erase. 
On the other hand, in a System having Such low-voltage 

power Supply, a Semiconductor device having an automatic 
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erase function, which comprises a high-voltage input termi 
nal and high-voltage detect circuit for receiving a high 
Voltage from an external circuit, generates a high Voltage for 
write by boosting a power Supply Voltage by an internal 
booster circuit if the external high Voltage is not detected, 
and directly Switches the Voltage at the high-voltage input 
terminal to a high Voltage for write if the external high 
Voltage is detected, may be proposed. FIG. 32 shows an 
example of Such device. 
The arrangement of the device of the embodiment shown 

in FIG. 32 is nearly the same as that of the device of the 
embodiment shown in FIG. 18. Hence, the same reference 
numerals denote the same parts as those in the device shown 
in FIG. 18, and only differences will be explained below. 

Referring to FIG. 32, a write (program) division control 
circuit 126 used in the embodiment shown in FIG. 1 is used 
in place of the erase history storage circuit 306 in the 
embodiment shown in FIG. 18. Furthermore, the device 
shown in FIG. 32 has an external high-voltage reception 
terminal VHH, and a high-voltage detect unit (circuit) 361 
and multiplexer 362 are connected to this terminal VHH. 
The multiplexer 362 receives a detect signal detected by 

the high-voltage detect unit 361, and also receives an 
internal boosted Voltage VIN from the Voltage generating 
circuit 124. When an external high Voltage is Supplied to the 
terminal VHH, the multiplexer 362 supplies this external 
high voltage VHH to the row decoder 112, when no detect 
signal of the voltage VHH is received, the multiplexer 362 
selects the internal high voltage VIN and supplies it to the 
row decoder 112. This high-voltage detect Signal is also 
supplied to the write division control circuit 126. 

FIG. 33 is a block diagram showing an example of the 
internal arrangement of the multiplexer 362. The terminal 
VHH is connected to the VHH detect circuit 361, and is also 
connected to a write voltage output terminal 374 via two 
transistors 372 and 373. 
A clock generating circuit 376 is connected to the node 

between the transistors 372 and 373 via a capacitor 375. The 
node between transistors 378 and 379 is also connected to 
the output of the clock generating circuit 376 via a capacitor 
377. The gates of the transistors 372 and 378 are connected 
to the output terminal 374, and those of the transistors 373 
and 379 are connected to their nodes. 

The output terminal of the VHH detect circuit 361 is 
connected to the output terminal 374 via a gate 380 which 
opens in response to VDD, and also via an inverter 381 and 
gate 382. 

In the circuit shown in FIG. 33, when an external high 
voltage is supplied to the terminal VHH, the VHH detect 
circuit 361 detects it, and changes its output to HIGH. As a 
result, since the gate 380 opens, and the transistor 372 is 
turned on, the high voltage supplied to the terminal VHH is 
output to the output terminal 374 as a write voltage in 
accordance with clocks from the clock generating circuit 
376. At this time, the output from the inverter 381 changes 
to LOW, and the transistor 378 is turned off. Hence, the 
VDD voltage does not appear at the output terminal 374. 
When no external high Voltage is Supplied to the terminal 

VHH, since the output from the VHH detect circuit 361 is 
LOW, the output from the inverter 381 changes to HIGH to 
turn on the transistor 378 and turn off the transistor 372, and 
the VDD voltage appears at the output terminal 374 in 
accordance with clockS. 

Referring back to FIG. 32, when an external high voltage 
is supplied to the terminal VHH, the high-voltage detect 
signal is supplied from the VHH detect circuit 361 to the 
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write division control circuit 126. In response to this detect 
Signal, the write division control circuit 126 Sets the number 
of divisions of bits to be written simultaneously to be 1, i.e., 
sets to simultaneously write all bits of one I/O using the 
external high Voltage without division in the Sequence of 
pre-programming upon automatic erase. 

FIG. 34A shows this batch-erase operation, which is 
Substantially the same as the Sequence that has already been 
explained above with reference to FIG. 29A, and the same 
Step numbers denote the same processes. Only the difference 
from FIG. 29A is that a write voltage is simultaneously 
supplied to all 16 I/O terminals (0 to 15) based on the output 
from the program division control circuit 126 upon pro 
gramming in Step S73. 

That is, the sequence shown in FIG. 34A will be briefly 
described: 

steps S60 and S61: start and initial set, 
step S62: setup the high voltage PV in FIG. 34B, (if the 

protect circuit 307 denies write, the control advances to 
step S75 via some steps) 

step S63: read the PV, 
step S64: write very in FIG. 34B, (if verify=OK, the 

control advances to step S75 via some steps) 
Step S72: write high voltage Setups, (shorter than those in 

the sequence with write division) 
step S73: write using external high voltage of 10V in FIG. 
34B (I/O: 0 to 15), 

step S66: check as to whether the current address is the 
last address or not, (if not the last address, the address 
is incremented by 1, and the control returns to step S62) 

steps S69 and S75: process for returning to a read state, 
and end. 

The wait time until the booster circuit 124 is ready in step 
S62 can be the time required until the write voltage input 
from the high-voltage input terminal VHH charges the 
internal wiring. Hence, Setups can be done earlier than in the 
corresponding Step in the Sequence with write division using 
the internal Voltage. 

In this manner, by applying a high Voltage to the high 
Voltage input terminal VHH, the automatic erase operation 
time can be shortened since the number of write divisions 
can be reduced and the setup time of the booster circuit 124 
can be shortened. 

13th Embodiment 

An automatic erase device performs automatic erase in 
the system having the arrangement shown in FIG. 32 in the 
Sequence shown in FIG. 34A. Likewise, automatic write is 
made using the System with the arrangement shown in FIG. 
32 in accordance with a sequence shown in FIG. 35. This is 
because pre-programming upon erase is write operation in a 
broad Sense, and can use the System having the same 
arrangement. 
When the automatic write function is implemented, a 

high-voltage input terminal is provided independently of a 
power Supply Voltage terminal, a high-voltage detect circuit 
is connected to the high-voltage input terminal, a high 
Voltage for write is generated by boosting a power Supply 
Voltage by an internal booster circuit if no external high 
Voltage is detected, and the Voltage at the high-voltage input 
terminal is directly Switched to a high voltage for write if the 
external high Voltage is detected, as in automatic erase 
shown in FIGS. 32 and 34A. 
An automatic write Sequence at that time is changed, as 

shown in FIG. 35, and the number of divisions of bits to be 
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Simultaneously written is set at 1 (16/16), as shown in Step 
S73. In this manner, the automatic write operation time can 
be shortened. 

Other operations are the same as those in FIG. 34A if steps 
S65 to S68 are omitted. 

AS described above, upon block erase, it is checked by 
Verifying erase flags if erase operations are required. If erase 
operations are not required, the block erase Sequence ends 
without any erase operations. 
Upon erasing a plurality of blockS Simultaneously, blockS 

which need not be erased are excluded from a at combina 
tion of batch-erase blockS by Verifying erase flags, and only 
blocks that require erase operations are simultaneously 
erased. In this manner, Since blocks which need not be 
erased can be excluded from those to be Selected, the erase 
operation time required for those unnecessary blockS can be 
Shortened. 

Furthermore, 
(1) a cell gate voltage upon verify for pre-programming is 

set to be lower than that upon verify for normal 
automatic program operation, 

(2) a verify process after pre-programming is omitted, or 
(3) verify processes before and after pre-programming are 

omitted, thus shortening the erase time itself. 
When a high Voltage is input from the external high 

Voltage terminal, the internal booster circuit is disabled, and 
the number of bits to be written Simultaneously upon pre 
programming is Set to be 1, thus shortening the pre-program 
time and, hence, the erase operation time. 

This method can also be applied to automatic program 
operation, and can Shorten the automatic program time. 
AS described above, according to the present invention, a 

Semiconductor Storage device which can Suppress an 
increase in write time when the power Supply Voltage drops 
can be provided. 

Also, a Semiconductor Storage device which can Set a low 
power Supply Voltage without increasing any chip area can 
be provided. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the Specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the Spirit or Scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A Semiconductor Storage device which has an auto 

matic write function, and uses a high Voltage obtained by 
boosting a power Supply Voltage upon write, comprising: 

booster means for generating the high Voltage for write by 
boosting the power Supply Voltage; 

write division control means for, upon writing data, 
divisionally performing a write operation in a plurality 
of number of times by shifting selection timings of bit 
lines by selectively ON/OFF-controlling a bit line write 
Switch that controls whether or not input data is Sup 
plied to a bit line; and 

write means for writing data by Supplying the high 
Voltage output from Said booster means to a memory 
cell connected to the bit line selected by said write 
division control means. 

2. A device according to claim 1, wherein a first bit line 
is Selected by Said write division control means after 
completion of boosting of a word line of the memory cell in 
which the data is to be written. 
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3. A device according to claim 1, wherein Selection times 
of bit lines divisionally selected in the plurality of number of 
times by Said write division control means are Substantially 
equal to each other. 

4. A device according to claim 1, further comprising 
power Supply Voltage detection means for detecting the 
power Supply Voltage of Said booster means, and means for 
changing the number of Selected bit lines on the basis of a 
level of the power Supply Voltage detected by Said power 
Supply Voltage detection means. 

5. A device according to claim 1, further comprising 
power Supply Voltage detection means for detecting the 
power Supply Voltage of Said booster means before data is 
written, and wherein when the power Supply Voltage 
detected by Said power Supply Voltage detection means has 
a low level, the number of divisions by said write division 
control means is increased, and when the detected power 
Supply Voltage has a high level, the number of divisions is 
decreased. 

6. A device according to claim 1, further comprising 
power Supply Voltage detection means for detecting the 
power Supply Voltage of Said booster means, and wherein 
Said power Supply Voltage detection means detects a power 
Supply Voltage immediately after the beginning of an auto 
matic write process, and when the detected power Supply 
voltage has a low level, the number of divisions by said write 
division control means is increased, and when the detected 
power Supply Voltage has a high level, the number of 
divisions is decreased. 

7. A device according to claim 1, further comprising 
control data Storage means for Storing a control method data 
for controlling Said write division control means, and 
wherein the number of the write division is changed on the 
basis of the control method data Stored in Said control data 
Storage means. 

8. A device according to claim 7, wherein Said control data 
storage means comprises an EEPROM cell, which stores the 
control data. 

9. A device according to claim 1, further comprising 
division number Storage means for Storing the number of 
divisions of Said write division control means, and wherein 
the number of divisions by said write division control means 
is changed on the basis of the number of divisions Stored in 
the division number Storage means. 

10. A device according to claim 9, wherein said division 
number storage means comprises an EEPROM cell, which 
stores the number of divisions. 

11. A device according to claim 1, wherein Said write 
division control means controls the number of divisions on 
the basis of a test Signal. 

12. A Semiconductor Storage device comprising: 
a nonvolatile memory cell array, 
at least one write history Storage element provided in 

correspondence with Said nonvolatile memory cell 
array; and 
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a controller for determining in accordance with contents 

of Said write history Storage element upon erase if erase 
operation is required for Said nonvolatile memory cell 
array. 

13. A device according to claim 12, wherein Said non 
Volatile memory cell array is divided into a plurality of 
blocks, and 

Said write history Storage element is provided to each of 
the plurality of blocks. 

14. A device according to claim 13, wherein Said control 
ler includes erase means for referring to contents of the 
plurality of write history Storage elements provided to the 
plurality of blocks, and executing batch erase of a plurality 
of blocks with write history. 

15. A device according to claim 14, wherein Said erase 
means includes Voltage generating means for generating a 
Voltage, lower than a cell gate Voltage upon verify for 
normal automatic write, as a cell gate Voltage upon Verify for 
pre-erase write. 

16. A device according to claim 14, wherein Said erase 
means comprises means for performing pre-erase write, and 
means for executing erase operation without any Verify 
process after the pre-erase write. 

17. A device according to claim 14, wherein Said erase 
means comprises means for executing erase operation with 
out any verify processes before and after the pre-erase write. 

18. A device according to claim 12, further comprising: 
a high-voltage input terminal; 
a power Supply Voltage terminal; 
a detect circuit for detecting if a high Voltage is input to 

Said high-Voltage input terminal, and 
means for generating, in accordance with an output from 

Said detect circuit, a high Voltage for write by boosting 
a power Supply Voltage at Said power Supply Voltage 
terminal when no high Voltage is input, or directly 
using the input high Voltage in place of the boosted 
power Supply Voltage when the high Voltage is input. 

19. A device according to claim 18, further comprising 
means for increasing the number of bits to be simultaneously 
written when the Voltage at Said high-voltage input terminal 
is used in write. 

20. A device according to claim 12, Said write history 
Storage element is formed in a peripheral circuit of Said 
nonvolatile memory cell array independently of Said non 
Volatile memory cell array. 

21. A device according to claim 13, wherein Said write 
history Storage elements are integrally formed as columns of 
the plurality of memory blocks. 

22. A device according to claim 14, wherein Said write 
history Storage elements are integrally formed as rows of the 
plurality of memory blockS. 
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